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 GENERAL  

 PURPOSE AND CONTEXT 

This Engineering Appendix documents the preliminary engineering and conceptual designs for the 

Coastal Storm Risk Management (CSRM) and Ecosystem Restoration (ER) features of the Coastal 

Texas Protection and Restoration Feasibility Study (Coastal Texas Study). It supports the viability of 

the Recommended Plan (RP), which is presented in the Coastal Texas Study Draft Integrated Feasibility 

ReportïEnvironmental Impact Statement (DIFR-EIS).    

The Coastal Texas Study is comprised of four regions along the Texas coast as shown in Figure 1-1.  

Current and future coastal storm conditions, together with long-term climate conditions, were used to 

delineate the water levels which were used to determine initial system alignment and structural 

configurations, which were greatly influenced by current infrastructure.  The initial conceptual designs 

for the Tentatively Selected Plan (TSP) were presented for public comment, Agency Technical Review 

(ATR) and Independent Technical Review (ITR) in October 2018.  Comments from these reviews 

provided great insights into functionality and acceptability of the system, leading to refinements and 

optimizations of the proposed features. These refinements focused on changes to the Galveston Bay 

Storm Surge Barrier System; including realignment of the Bolivar and West Galveston Beach and Dune 

System. Additional public outreach in 2019 led to additional refinements of the Galveston Bay Storm 

Surge Barrier System leading to the current Recommended Plan. 

 Scope of Effort  

The engineering work performed in this study is feasibility level, consistent with the Specific, 

Measurable, Attainable, Risk-Informed, and Timely (SMART) planning process necessary to 

substantiate the RP.  Available existing information was used to develop project features which were 

combined to form alternative plans.  Sources of information include the Gulf Coast Community 

Protection and Recovery District (GCCPRD) Phase 1 through Phase 4 Reports, Federal Emergency 

Management Agency (FEMA), the U.S. Geological Survey (USGS), National Oceanic and 

Atmospheric Administration (NOAA), comparative studies, operations and maintenance (O&M) 

records, and damage risk assessment reports on existing systems. Limited geotechnical borings are used 

to validate existing data and to provide better site-specific data and information.   

The preliminary engineering and conceptual design conducted during this study are of sufficient detail 

to substantiate the RP and baseline cost estimate.  This includes the project alignment, type of structure 

and top of system elevation; but do not provide final design criteria or detail project features. Further 

investigation, engineering, and design analysis will be needed in future phases.   
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 PROJECT OVERVIEW  

This project includes the Texas Gulf Coast, from Sabine Lake to Brownsville, Texas, and is comprised 

of four geographic regions indicated on Figure 1-1.  A portion of this study area was previously studied 

under the Sabine Pass to Galveston Bay Feasibility Study (and is currently in construction) and is not 

included in the Coastal Texas Study. 

 

Figure 1-1: Coastal Texas Study Area 

The Texas Coast is vulnerable to damage from storm surge, erosion, and inundation.  Alternatives were 

formulated to address both Coastal Storm Risk Management (CSRM) and Ecosystem Restoration (ER).  

The DIFR-EIS presents the Recommended Plan which includes:  
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1) Storm surge protection in Region 1 

2) Erosion protection in Region 4 

3) Ecosystem restoration for Regions 1, 2, 3 and 4.   

The Recommended Plan includes a combination of CSRM features along the seaward portion of the 

study area along Bolivar Peninsula and Galveston Island, with a storm surge barrier across Bolivar 

Roads, ring barrier and pump stations around Galveston city, smaller gates and pump stations across 

Offatts, Clear Lake and Dickinson Bay, along with beach fill in Region 4 and ecosystem restoration 

along the coast.  The primary components include:  

¶ A 2.-mile long Storm Surge barrier at Bolivar Roads across the entrance to the Houston Ship 

Channel, between Bolivar Peninsula and Galveston Island 

¶ 43 miles of Beach and Dune system along Bolivar Peninsula and West Galveston Island that 

work with the storm surge barrier to reduce storm surge impacts 

¶ A 16-mile ring barrier system around Galveston city consisting levee and flood walls, A 

modification of the existing 8-mile seawall section to provide an additional 2-3 feet of storm 

surge overtopping defense. 

The most critical component of the CSRM plan, and the features with the most significant possible 

impacts are proposed in Region 1.  Therefore, the engineering analysis presented in this appendix is 

focused on the evaluation of CSRM features in Region 1.  

Figure 1-2 shows the general layout of the Region 1 CSRM and ER features that have been carried forth 

as RP and are discussed in detail in the current Appendix. The feasibility level design and analyses are 

performed to meet the engineering requirements detailed in ER 1110-2-1150, Engineering and Design 

for Civil Works Projects. 
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Figure 1-2: General Layout of the Tentatively Selected Plan (Region 1) 

 ORGANIZATION OF THE REPORT 

Technical narratives of the CSRM and ER features presented in this Appendix are broken into technical 

disciplines such as: Hydraulics and Hydrology, Geotechnical, Civil & Structural, and Cost, in 

accordance with the guidance in Engineering Regulation (ER) 1110-2-1150.  The preliminary 

engineering and conceptual design conducted during this study support the project alignment and 

configuration of structure using different models with assumptions; but do not finalize design criteria or 

detail project feature design. The Sections are organized as follows: 

¶ Hydrology and Hydraulics ð Section 2.0 

¶ Geotechnical Design and Assumptions ð Section 3.0 

¶ Civil and Structural Design ð Section 4 to 6 

¶ Ecosystem Restoration ð Section 7.0 

¶ South Padre Island ï Section 8.0 

¶ Cost Development for the CSRM and Ecosystem Restoration Measures ð Section 10.0   

¶ Risk and Uncertainties ï Section 11.0 

¶ Tentative Construction Schedule ï Section 12.0 
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 PROJECT COORDINATION  

The Texas General Land Office (GLO) is the Local Sponsor and an active part of the study team.  The 

Gulf Coast Community Protection and Recovery District (GCCPRD) has done extensive studies for 

like purpose in the same area; therefore, extensive collaboration and coordination exists with this group.  

There are existing Hurricane Flood Protection Projects (HFPP) in Texas City, Galveston Sea Wall, and 

the Lynchburg Pump Station which are included in this study; coordination with the levee safety team 

was critical in developing proposed features.  Coordination with Engineering Research and 

Development CenterïCoastal Hydraulics Laboratory (ERDC-CHL), FEMA, U.S. Environmental 

Protection Agency (EPA) and other state and governmental agencies were vital for this study.  The 

interdisciplinary Project Delivery Team (PDT) collaborated with subject matter experts and engaged 

with the Vertical Team (VT) throughout the plan formulation process. Agency Technical Reviews 

(ATRs) and In-Progress Reviews were conducted at key development stages. 

 PROJECT DATUM  

The horizontal and vertical datum used in the engineering analyses and models conform to the current 

Federal standard. Horizontal coordinates are referenced to North American Datum (NAD) of 1983. 

Elevations of features related to Coastal Storm Risk Management (CSRM) and Ecosystem Restoration 

(ER) are referenced to the North American Vertical Datum of 1988 (NAVD 88), unless otherwise 

stated. For QA/QC, engineering PDT team coordinated with the Districtôs datum coordinator Mr. 

Matthew Duke to review relevant documents referenced in this Appendix to make sure that the team 

are in compliance with the ER 1110-2-8160 guidance. More information on project datum is available 

in Section 2.4. 

 DESIGN CONSIDERATIONS 

The feasibility level design and analyses are performed to meet the engineering requirements detailed 

in ER 1110-2-1150, Engineering and Design for Civil Works Projects. For geotechnical evaluation, 

primarily Engineer Regulation 1110-2-1806 has been followed to guide design processes. Additional 

details are available in Section 3.0. Sufficient Civil and Structural designs were performed to meet the 

engineering requirements specified for a feasibility study detailed in ER 1110-2-1150, Engineering and 

Design for Civil Works Projects. Additional details are available in Section 5.0 and 6.0. For hydrology 

and hydraulics, ER 1110-2-1150, EM 1100-2-1000, ER 1100-2-8162, Engineering Technical Letter 

(ETL) 111 2 1, and other regulations are followed. Details can be found in Section 2.0. The Hurricane 

and Storm Damage Risk Reduction System (HSDRRS) design guidelines (USACE 2012) criteria were 

applied to estimate crest elevation.  The criteria used for conceptual design of the systems and crest 

elevations is fundamentally based on damage overtopping limit state with annual exceedance 

probability of 1%. This is consistent with present USACE practice and other recent regional projects 

such as Sabine to Galveston Study (S2G PED). USACE ETL 1100-2-1, 2014 recommends an expansive 
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approach to considering and incorporating Relative Sea Level Change (RSLC) into civil works projects 

which has been followed here.   Flood-damage reduction potential for alternatives is based on damages 

that would be prevented under average still-water levels (SWL), while also considering RSLC, wave 

set-up, and run-up. Given that some of the project features can remain in service much longer than the 

period of analyses (typically 50-year), planning horizon, especially on adaptation strategy are explored 

up to 100 years, consistent with ER 1110-2-8159, ER 1100-2-8162. This is explored in Section 11.0. 

The preliminary engineering and conceptual design conducted during this study support the project 

alignment, type of structure and top of system elevation; but do not finalize design criteria or detail 

project features. Further investigation, engineering, and design analysis will be needed in future phases. 

As an example, ERDC performed storm surge modeling using Low and High RSLC conditions before 

calculating probabilistic SWL. Later, SWL, RSLC, and wave overtopping values were considered in 

determining the top of system elevation and system alignment.  This feasibility design is of sufficient 

detail to substantiate the RP and baseline cost estimate.   

 Plan features included in the Galveston Bay Storm Surge Barrier System include: 

¶ Bolivar Roads Gate System 

o Deep-draft-navigation 650' sector gates 

o 125' sector gates 

o Vertical lift gates 

o Shallow water environmental gates (SWEG) 

o Galveston Island control/ visitor center 

o Bolivar auxiliary control center 

o Bypass channel 

o Combi-wall and levee tie in 

o Anchorage areas 

¶ Bolivar and West Galveston Beach and Dune System 

o Dune field 

o Dune walkovers & drive overs 

o Beach & berm 

o Drainage 

¶ Galveston Ring Barrier System 

o Galveston Seawall Improvements 

o West Harborside Breakwater 

o Offatts Bayou Closure  

o Pump stations 

¶ Clear Lake Gate System 

¶ Dickinson Bay Gate System 

Primary features considered for the Ecosystem Restoration features are: 
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o Marsh restoration 

o Island restoration/creation 

o Dredging 

o Breakwater  

o Oyster Cultch 

 DESCRIPTION OF EXISTING CSRM FEATURES RELEVANT TO THE 

PROJECT  

 Texas City Hurricane Flood Protection Project (TCHFFP) 

The TCHFPP is Federally authorized and locally operated and maintained.  The system was authorized 

and designed to provide risk reduction to 36 square miles for tides up to and including a hurricane tide 

15 feet above the National Geodetic Vertical Datum (NGVD).  The system consists of 15.9 miles of 

earthen embankment having a maximum height of 23 feet, 1.3 miles of concrete floodwall, a tidal 

control and navigation structure, and two interior pumping stations (Figure 1-3). 

 

Figure 1-3: Texas City Hurricane Flood Protection 
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 Lynchburg Pump Station 

The Lynchburg Pump Station is federally authorized, but locally operated and maintained.  The 

Lynchburg Pump Station Hurricane Flood Protection Levee is 0.76 mile long which provides risk 

reduction from hurricane storm surge to the pump station that provides drinking water for the city of 

Houston (Figure 1-4).  The levee system consists of an earthen embankment with one drainage structure, 

one moveable gate, and ñIò-wall segments.  The project is located on the east side of the Houston Ship 

Channel (HSC) where the San Jacinto River merges with the ship channel, in the far north end of 

Galveston Bay.  No permanent residents are located inside of the protected area; infrastructure is all that 

is protected by the system. 

 

Figure 1-4: Lynchburg Pump Station 

 Galveston Seawall 

The Galveston Seawall (Figure 1-5) is located on Galveston Island, extending from the South Jetty 

approximately 10 miles along the Gulf of Mexico.  It was constructed in stages from 1902 through 1963 

with the purpose of reducing damages from wind-driven tides and waves to Galveston Island. The 

Galveston Seawall consists of a curved, concrete gravity section 16 feet wide at the base with a 

maximum top elevation 17 feet above mean low water.  
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Figure 1-5: Galveston Seawall 

 DATA MANGEMENT PLAN  

The Data Management Plan (DMP) provides process and procedures for management of data for the 

Coastal Texas Study. These procedures and policies are consistent with USACE regulations and 

Galveston District processes and includes management of both existing and new data.   

While all personnel working on the Coastal Texas Study have a role in data quality control, the 

Galveston District Geospatial Program Manager and CADD Manager has primary responsibility for 

ensuring that accurate, efficient data management procedures are implemented and used. A GIS 

technical lead is assigned for gathering, managing, and updating data. The geospatial data is managed 

in accordance with Engineering and Construction Bulletin (ECB) No. SWG 2016-01 Geospatial Data 

Management Plan (GDMP) for Projects. 
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 HYDROLOGY AND HYDRAULICS  

 INTRODUCTION  

A SMART planning feasibility-level analysis of the storm surge, waves, and environmental conditions 

are conducted to provide preliminary design guidance for the Recommended Plan. Additionally, RSLC 

and impacts are assessed in accordance with ER 1100-2-8162 and Engineering Technical Letter ETL 

111-2-1. Most of the H&H work conducted focused on the CSRM alternatives in Region 1, surrounding 

Galveston Bay.  Galveston Bay is located southeast of Houston, Texas, and consists of sub bays such 

as: Upper Galveston Bay, Trinity Bay, West Bay, and East Bay. Two major rivers, the Trinity and San 

Jacinto, discharge into the bay (Figure 2-1).  

 

Figure 2-1: Study Area in the Vicinity of Galveston Bay Where Color Contour Represents Depth 

in Meters 

¶ H&H analyses are key components in evaluating the Recommended Plan (RP). This section of 

the engineering appendix presents an overview of the H&H efforts performed to inform, 
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evaluate, and support the RP and an evaluation of its impacts.  Hydraulic analyses were 

conducted to inform preliminary design of flood-protection system. Analyses were conducted 

to support design of the levees, gates, and floodwalls with the following general process: Gather 

existing data 

¶ Analyze storm surge and waves 

¶ Apply ADCIRC/STWAVE models to simulate large-scale storm surge and waves 

¶ Output statistics for various return periods for waves and water levels along with quantification 

of uncertainty for surge and wave modeling results 

¶ Local wave transformations and overtopping analysis to guide crest elevations  

¶ Assess impacts using ADH and PTM models  

 EXISTING DATA  

A wide variety of reports, models, design plans/as-built plans, feasibility studies, historical studies, 

watershed master plan studies, and many other studies were available. Additionally, the latest available 

tools including the Coastal Hazard System, the latest Environment Research and development Center 

(ERDC) storm modeling and environmental modeling capabilities, among others to the extent possible, 

were used in this study. It is recommended that some of the modeling be revisited when the project 

features are designed and optimized for construction, as the models are improved, and site conditions 

are changed. 

 Topographic, Bathymetric, and Survey Data 

Light Detection and Ranging (LiDAR) data obtained from the Texas Natural Resources Information 

System (TNRIS) provided the detailed terrain information needed for the study.  Bathymetry data was 

obtained from the NOAA Digital Coast and Global Relief World Data Services.  Survey data in USACE 

possession, e.g., hydrographic surveys in the navigation channels, were also used.  These data were used 

to develop the ADvanced CIRCulation Model (ADCIRC) and Adaptive Hydraulics (ADH) 

computational mesh for storm surge and hydraulic modeling.  Since the mesh represented an 

amalgamation of available data, it was often used for elevation data. 

 FEMA Data 

The FEMA Coastal Counties Report (2011) and associated electronic files were obtained and used in 

this study.  The FEMA Coastal Counties Study covered the entire Texas coast and aided the initial 

evaluation of project features.  FEMA data was available for the 10-year, 50-year, 100-year, and 500-
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year SWL. The storm modeling was subsequently revisited and refined for this study.  Additional 

discussion regarding storm surge modeling and analysis is discussed in Sections 2.5 and 2.6. 

 Tropical Cyclones and Flood Records 

The Texas coast has long been susceptible to major storm events.  Several significant hurricane events 

were recorded in the area as far back as the 1500s with devastating impacts to property and life.  As 

demonstrated with the recent storm events of Hurricane Ike in 2008 and Hurricane Harvey in 2017, 

hurricanes continue to inflict large economic losses and human casualties in the region.  From the 1500s 

to present day, hurricanes and tropical storms have made landfall in the state as early as June 2 and as 

late as November 5.  August ranks as the most likely month that a major hurricane may strike the Texas 

coast.  Since the 1850s, a total of 64 hurricanes and 56 tropical storms have been recorded in Texas 

(Roth, 2010).  Most of these storms entered from the Gulf of Mexico, traveling northwest initially and 

then curving towards the north and northeast.  Storms that hit early or late in hurricane season can 

sometimes move in from the southwestern portions of the Gulf due to cold fronts approaching from the 

north.  

Texas has encountered many noteworthy hurricanes over the past century and a half.  In 1886, a Saffir-

Simpson scale Category 4 storm made landfall in Indianola. The high winds and 15-foot storm surge 

destroyed the once burgeoning port city.  Just 14 years later, the Galveston Hurricane of 1900, one of 

the deadliest natural disasters of the United States, made landfall as a Category 4 storm.  The storm 

claimed thousands of lives and left a lasting impact on the regionôs economy.  Galveston, once the center 

of trade and one of the largest cities in Texas, never fully recovered as investors began to pool their 

money further inland near Houston.  In addition to the high winds and storm surge from major 

hurricanes, the exorbitant amount of rainfall associated with tropical storms has also had a profound 

impact on Texas. Claudette, a Category 1 hurricane, made landfall in 1979 near Galveston and stalled 

over southeast Texas for 2 days.  The city of Alvin set a national rainfall record receiving 42 inches of 

rain within a 24-hour time period.  In addition, daily rainfall records were set at Corpus Christi, Victoria, 

and Laredo.  Overall, the flooding associated with Claudette led to an estimated $750 million (1979 

United States Dollars [USD]) in damages.  Most recently, Harvey, a Category 4 major hurricane, made 

landfall just east of Rockport, Texas, on August 26, 2017.  Hurricane Harvey is listed as the wettest 

hurricane on record in the United States as many cities in eastern Texas received over 40 inches of 

rainfall.  Harvey is tied with Katrina as the costliest U.S. tropical cyclone with an estimated $125 billion 

(2017 USD) in damages.  Table 2-1 summarizes major hurricanes and tropical storms that had affected 

the region. 
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Table 2-1: Notable Historic Texas Gulf Coast Storms 

Date Name Location Latitude 

Long- 

itude 

Direction 

(degrees) 

Speed 

(mph) 

Wind 

Speed 

(mph) 

Pressure 

(milli -

bars) 

Storm 

Type 

9/16/1875 No name Indianola 27.1 ï94.9 275 14 100 -- Category 2 

8/12/1880 No name Brownsville 25.7 ï96.9 300 10 150 931 Category 4 

8/20/1886 No name Indianola 28.0 ï96.6 305 11 150 925 Category 4 

9/8/1900 No name Galveston 28.9 ï94.7 305 13 140 936 Category 4 

8/17/1915 No name Galveston 28.9 ï95.0 310 16 135 940 Category 4 

9/14/1919 No name Corpus Christi 26.5 ï91.0 270 9 145 931 Category 4 

8/13/1932 No name Freeport 28.9 ï94.7 320 11 145 942 Category 4 

6/26/1954 Alice S of Brownsville 24.9 ï97.2 310 9 80 -- Category 1 

9/5/1955 Gladys S of Brownsville 23.4 ï97.3 250 5 85 -- Category 1 

6/27/1957 Audrey Sabine Pass 29.3 ï93.8 0 14 145 946 Category 4 

7/25/1959 Debra Galveston 28.8 ï95.1 30 3 80 984 Category 1 

9/11/1961 Carla Port Lavaca 27.6 ï96.2 310 5 165 935 Category 5 

9/17/1963 Cindy High Island 29.8 ï94.4 0 3 75 997 Category 1 

9/20/1967 Beulah Brownsville 25.1 ï96.8 330 11 160 931 Category 5 

8/3/1970 Celia Corpus Christi 27.5 ï96.3 290 14 125 945 Category 3 

9/10/1971 Fern Matagorda 28.5 ï95.3 320 6 75 988 Category 1 

9/16/1971 Edith E of Sabine Pass 29.5 ï93.1 50 19 100 978 Category 2 

8/9/1980 Allen Port Mansfield 25.0 ï94.2 295 12 180 909 Category 5 

8/18/1983 Alicia Galveston 28.9 ï95.0 340 5 115 963 Category 3 

6/26/1986 Bonnie Beaumont 29.9 ï94.3 330 11 75 992 Category 1 

9/17/1988 Gilbert S of Brownsville 23.9 ï97.0 280 11 135 950 Category 4 

8/1/1989 Chantal High Island 29.5 ï94.3 320 11 80 984 Category 1 

10/16/1989 Jerry Galveston Island 29.1 ï95.0 340 11 85 983 Category 1 

8/22/1999 Bret Padre Island 25.5 ï95.5 335 9 145 950 Category 4 

7/15/2003 Claudette Port O'Connor 28.3 ï95.5 295 9 85 982 Category 1 

9/24/2005 Rita Sabine Pass 29.4 ï93.6 325 10 115 935 Category 3 

9/13/2007 Humberto High Island 29.5 ï94.4 25 8 90 985 Category 1 

9/13/2008 Ike Galveston Island 29.1 ï94.6 325 10 110 951 Category 2 

8/25/2017 Harvey Rock Island 28.0 ï96.9 310 5 132 937 Category 4 

mph = miles per hour       

As evident from Table 2-1, tropical cyclones along the Texas Gulf Coast occur frequently, averaging 

once every 6 years along any 50-mile stretch of coastline (Roth, 2010).  It is important to note that these 

are storms that made landfall in Texas.  They do not include storms that made landfall in Louisiana or 

Mexico but had significant impacts of surge and/or wind to the Texas coast, such as Hurricane Katrina 

in 2005. 
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 PHYSICAL OCEANOGRAPHY  

Here we discuss the hydrometeorological data and the physical oceanography of the Coastal Texas 

Study area including tides, currents, circulation, and salinity.   

 Tides 

Tides are water-surface elevation changes induced by the gravitational forces associated with lunar 

cycles.  Long-term water-level monitoring provides a characterization of tidal fluctuations.  The NOAA 

Center for Operational Oceanographic Products and Services (CO-OPS) operates a network of water-

level gauges along the Texas coast through their National Water Level Observation Network (NWLON) 

and supplemented by the Texas Coastal Oceanic Observation Network (TCOON) (Figure 2-2).  Texas 

generally has diurnal tides and can be broadly characterized as a microtidal wave-dominated 

environment.  The great diurnal tidal range, taken as the difference between mean higher-high water 

(MHHW) and mean lower-low water (MLLW) at various locations along the Texas Coast, is shown in 

Table 2-2.  The tidal range at the deep-draft navigation inlets ranges from approximately 1.2 to 2.0 feet. 

The tidal range generally decays progressively into the bay systems. 

 

Figure 2-2: NOAA Tide Gauges along the Texas Coast 

 
















































































































































































































































































































































































































































